These catecholamines could be eluted by more dilute solutions of K+-and NH4+-than by Nat-containing solution, but adrenaline was not completely separated from dopamine in those cases. Separation between these two amines in the elution by Lit-containing solution was better than by K+-and NH4+-solutions, though worse than by Na+-solution.
Chromatogram of some biogenic amines by the gradient elution with NaH2PO4 is shown in Fig. 4 . Octopamine or normetanephrine may be chosen as internal standard, because these are completely separated from the others.
2) Effects of species of anion and pH of mobile phase on retention times of catecholamines Retention times of catecholamines in the elution with various kinds of aqueous solution containing Nat were investigated. As seen in Table 1 , the kind of the anion 3) PH and UV absorption of some Na+ -containing solutions.
As described above, catecholamines are unstable at high-pH medium. Therefore, pH of mobile phase should not be so high. Desired pH seems below 5.0, from the above findings. On the other hand, negligible UV absorption of the mobile phase is necessary to obtain flat base line of UV trace during gradient elution. Sodium acetate, sodium sulfate and sodium perchlorate have low optical densities at 254 nm, and monosodium phosphate is also relatively low (Table 3) . Sodium nitrate and sodium citrate buffer at pH 3.6 have very high optical densities at 254 nm.
Gradient elution by almost all of these Ne-containing solutions at ambient temper- Column: SCX, 40 kg/cm2 and at ambient room temperature. To measure dopamine sensitively, the eluate was introduced to another flow system.
of AutoAnalyzer as shown in Fig. 2 , and the amine was condensed with ethylenediamine to fluorescent substance and detected by the fluorometer. This flow diagram is a part of the method of Viktora et al.8) Fig. 7 shows a chromatogram of pure catecholamines by this method, and the calibration curve for dopamine is seen in Fig. 8 SCX is a type of strong cation exchange resin, and its elution pattern of catecholamines is similar to that with Amberlite IRC-120 rather than that with Amberlite CG-50. That is, adrenaline peak appears relatively late in the chromatogram and not so sharp. So, its peak height is relatively low, which usually results in low sensitivity of measurement. In ordinary biological materials except adrenal gland, adrenaline content is usually smaller than noradrenaline and dopamine. In this paper, high sensitivity for adrenaline was obtained by use of gradient elution.
As described in the results, it was demonstrated that more satisfactory separation of catecholamines using SCX column was obtained in the elution by Nat-than by Li+-, K+-or NH4+-containing solution. The species of anion of the eluting agent has almost no effect on the retention times of catecholamines. However, the mobile phase to be used in this chromatography is subject to following restrictions. First, it must not be corrosive substance such as halides which rust stainless steel of the flow line of the chromatograph. The second restriction is its negligible optical density at ultraviolet region in order to obtain almost flast base line of UV trace in the gradient elution.
This is necessary when some substance added as internal standard is measured by UV absorption. The third is that pH of its aqueous solution should not exceed the level that catecholamines decompose during elution.
It may be considered from the above data that monosodium phosphate, sodium sulf- ate, sodium perchlorate and sodium acetate buffer at pH 4.7 are usable for the mobile phase to separate catecholamines with gradient elution of SCX column. But, there are some defects about each of these reagents. Aqueous solution of sodium acetate itself has very low optical sensity at 254 nm and not corrosive, but its pH is over 7.0. Catecholamines are known to be unstable in a medium of high pH. In order to protect these amines from degradation, equal concentration of acetic acid was added and pH of the solution was decreased to 4.7. But, even at this acidic pH, slightly low peak height of noradrenaline was obtained in the fluorometry, compared with the use of monosodium phosphate. This finding was not recognized in the use of Amberlite CG-50 resin, 3) and the reason is not clear. On the other hand, the report of DuPont Instruments11)
described that when employing inorganic acid or salts as mobile phase, column equilibration is usually rapid (1-5 min), but when organics are used for pH or ionic strength adjustment, column equilibration may require 30-60 minutes, presumably due to adsorption effects on the column. So, organic salt may be not suitable for rapid separation with gradient elution. Aqueous solution of sodium sulfate has also low optical density and its pH is relatively low, but this salt is slightly corrosive, and it is permitted only for short-time operation. Sodium perchlorate is also useful for the mobile phase, but it must be noted that potassium perchlorate is insoluble in water. Monosodium phosphate is not so corrosive and its aqueous solution is acidic, but the optical density at 254 nm is slightly high. This defect, however, has almost no influence on the fluorometric result. So, in the present paper, monosodium phosphate is preferably used for routine work of gradient elution chromatography.
The UV detector is not so sensitive and it is impossible to measure catecholamine contents in biological materials.
In the present method, therefore, catecholamines were automatically determined by sensitive fluorometric methods; adrenaline and noradrenaline by trihydroxyindole method and dopamine by ethylenediamine method.
As shown in Adrenaline, noradrenaline and dopamine in the alumina eluate of human daytime urine can be analyzed by the present method (Fig. 10) . In the trihydroxyindole method, noradrenaline is completely separated from fluorescent substances by this condition of gradient elution. But, in the ethylenediamine method, fluorescent interfering substances Sample: the same as in Fig. 9 .
Column, its condition and mobile phase are same as in Fig. 5 .
Detection: THI method (A) and ED method (B).
are largely produced compared with the former method and separation of noradrenaline from these interfering substances can be achieved by long-time gradient elution such as in Fig. 9 , but not by the gradient condition described in the method. Adrenaline and noradrenaline in the alumina extract of blood plasma of the deeply anaesthesized rat by intraperitoneal injection of sodium pentobarbital, and noradrenaline and dopamine in the rat brain extract were also detected by the present method ( Fig. 11 and 12, respectively).
Constant elution, that is, the elution by a solution of a certain salt concentration in Fig. 11 . Chromatograms of brain alumina extract by THI (A) and ED (B) methods.
Sample: alumina extract of rat brain.
Column, its conditions and mobile phase are same as in Fig. 5 .
Detection: THI method (A) and ED method (B).
the liquid chromatography, causes either incomplete separation between dopa and nor adrenaline or low sensitivity of adrenaline measurement in the fluorometry, described
above.
There is a report,12 however, that the former defect is partially improved by use of lithium acetate buffer at pH 4.7 as moblie phase of constant elution chromatography.
The present method using high-speed liquid chromatography and automated fluorometric procedures is very sensitive and specific for catecholamine measurement and the amines in various biological materials will be possibly analyzed. Detection: THI method.
